Abstract The fungi on Meju are known to play an important role as degrader of macromolecule of soybeans. In order to elucidate the origin of fungi on traditional Meju, mycobiota of the air both inside and outside traditional Meju fermentation rooms was examined. From 11 samples of air collected from inside and outside of 7 Meju fermentation rooms, 37 genera and 90 species of fungi were identified. In outside air of the fermentation room, Cladosporium sp. and Cladosporium cladosporioides were the dominant species, followed by Cladosporium tenuissimum, Eurotium sp., Phoma sp., Sistotrema brinkmannii, Alternaria sp., Aspergillus fumigatus, Schizophyllum commune, and Penicillium glabrum. In inside air of the fermentation room, Cladosporium sp., Aspergillus oryzae, Penicillium chrysogenum, Asp. nidulans, Aspergillus sp., Cla. cladosporioides, Eurotium sp., Penicillium sp., Cla. tenuissimum, Asp. niger, Eur. herbariorum, Asp. sydowii, and Eur. repens were collected with high frequency. The concentrations of the genera Aspergillus, Eurotium, and Penicillium were significantly higher in inside air than outside air. From this result and those of previous reports, the origin of fungi present on Meju was inferred. Of the dominant fungal species present on Meju, Lichtheimia ramosa, Mucor circinelloides, Mucor racemosus, and Scopulariopsis brevicaulis are thought to be originated from outside air, because these species are not or are rarely isolated from rice straw and soybean; however, they were detected outside air of fermentation room and are species commonly found in indoor environments. However, Asp. oryzae, Pen. polonicum, Eur. repens, Pen. solitum, and Eur. chevalieri, which are frequently found on Meju, are common in rice straw and could be transferred from rice straw to Meju. The fungi grow and produce abundant spores during Meju fermentation, and after the spores accumulate in the air of fermentation room, they could influence mycobiota of Meju fermentation in the following year. This could explain why concentrations of the genera Aspergillus, Eurotium, and Penicillium are much higher inside than outside of the fermentation rooms.
Mycobiology
others are simply contaminants or toxigenic [2, 9] . Possible sources of the fungi on traditional Meju include rice straw, soybeans, and the air inside and outside the fermentation room. The fungi present on rice straw and soybean have been previously reported [10, 11] . Therefore, the aims of this study are to (1) identify the composition of the mycobiota in the air both inside and outside Meju fermentation room; (2) compare it with those of traditional Meju, rice straw, and soybeans; and (3) presume the origin of the fungi on traditional Meju.
MATERIALS AND METHDOS
Eleven air samples were collected from inside (the fermentation room) and outside (surrounding Jang factory) of 7 Meju fermentation rooms during November 2011, before starting Meju production ( Table 1 ). The samples were collected using a MAS-100 Eco air sampler (Merck, Darmstadt, Germany) with malt extract agar (MEA; for general fungi), dichloran rose bengal chloramphenicol agar (for general enumeration of fungi), dichloran 18% glycerol agar (DG18; for xerophilic fungi), and tryptic soy agar (for ). The fungi grown on media were transferred into new MEA or DG18 media. After incubation for several days, the fungi were examined by light microscope for simple identification, transferred into MEA or DG18 slant for further examination, and then maintained at 4 o C. Molecular and morphological characteristics were used to identify the fungi via methods previously described in Kim et al. [11] .
RESULTS AND DISCUSSION
As determined from 11 air samples from 7 Jang factories, the average concentrations of fungi inside and outside The numbers indicates factories from which the species were isolated from 6 (outside air) and 5 (inside air) factories. The numbers indicates the sum of the maximum concentrations of each factory among concentrations on each media. 
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The species were isolated from Meju, with ***high frequency, **medium frequency, or *low frequency.
b
The number of factories indicates factories from which the species were isolated from 12 factories. Maximum isolation frequency indicates maximum isolation frequency (among 144 pieces of rice straw) among 9 different isolation conditions [8] . The number of factories indicates factories from which the species were isolated from 10 factories. Maximum isolation frequency indicates maximum isolation frequency (among 500 kernels) of untreated soybeans among 3 different media [9] . The number indicates factories from which the species were isolated from 6 (outside air) and 5 (inside air) factories. The numbers indicate the sum of the maximum concentrations of each factory among concentrations on each media.
264 Kim et al. Meju fermentation rooms were 1,524 CFU/m 3 and 736 CFU/m 3 (Table 1) , respectively, and they were identified into 37 genera and 90 species ( Table 2 ). The fungal concentration in inside air of Meju fermentation room is similar or lower than that of green area in Seoul, Korea (average, 1,892 CFU/m 3 in winter) [12] and is similar to that of low clean zone of other food product manufacturing plants (average, 2,600 CFU/m 3 ) [13] . In this study, there was no significant difference of mycobiota according to Jang factories.
In the 6 outside air samples, 27 genera and 50 species were found ( Table 2 ). The concentration of the genus Cladosporium was significantly high, followed by those of Eurotium, Penicillium, Aspergillus, Sistotrema, and Schizophyllum were followed ( Table 2) . Cla. cladosporioides and Cladosporium sp. were the dominant species, followed by Cla. tenuissimum, Eurotium sp., Sistotrema brinkmannii, Asp. fumigatus, Schizophyllum commune, Phoma sp., and Alternaria sp. However, Cla. tenuissimum, Sis. brinkmannii, Asp. fumigatus, and Sch. commune were detected only in 1 or 2 factories. In addition, almost all the other fungi except Arthrinium sacchari, Epicoccum nigrum, and S. brevicaulis, which were detected in 3 Jang factories, were also detected only in 1 or 2 factories.
Of the 32 genera and 72 species from the 5 inside air samples, the genus Aspergillus, Cladosporium, Penicillium, and Eurotium were collected with high concentrations (Table 2) . A. oryzae and Cladosporium sp. were the dominant species and were detected in 5 and 4 factories, respectively. In addition, Pen. chrysogenum (found in 2 factories), C. cladosporioides (2), Asp. niger (4), Eur. herbariorum (2) , Aspergillus sp. (3), Penicillium sp. (4), and Asp. sydowii (3) were frequently detected in inside air of the fermentation rooms. Although Eur. repens, Pen. glabrum, Phoma sp., Bjerkandera adusta, and Beauveria bassiana were infrequently detected in inside air of the fermentation rooms, they were detected in 3 factories. The other species detected in inside air samples were detected in only 1 or 2 factories.
The mycobiota of outside and inside air of the fermentation rooms differed (Table 2) , and fungi detected from inside air were more diverse. Seventy-two species were detected from the inside air, whereas 50 species were detected from the outside air. The species belong to the genus Alternaria, Arthrinium, Chaetomium, Cladosporium, Phoma, and Schizophyllum were present in higher concentrations in outside air than in inside air. In particular, Alternaria, Arthrinium, and Cladosporium were significantly higher. Therefore, these fungi present in the inside air may have come in from outside when the inside air was ventilated. However, many fungi belonging to the genus Aspergillus, Penicillium, and Eurotium were frequently detected in inside air but were rarely or not detected in outside air. These observations indicate that these fungi were not influenced by the outside mycobiota but may have been influenced by previous Meju fermentation, because they frequently occurred on Meju. (Table 3) . A. oryzae, P. polonicum, E. repens, P. solitum, E. chevalieri, and F. asiaticum are detected on rice straw with high frequency but are rarely isolated from outside air of Jang factories. Therefore, most of these could be transferred from rice straw to Meju, and they grow and produce abundant spores during Meju fermentation, and then as their spores would accumulated inside air of fermentation room, they could influence mycobiota of Meju fermentation in the following year. This could explain why concentrations of Aspergillus, Eurotium, and Penicillium in inside air of Meju fermentation room is much higher than those of outside air.
Lichtheimia ramosa, M. circinelloides, M. racemosus, and S. brevicaulis were rarely or not detected in rice straw and soybean. However, they were detected from outside air of Meju fermentation room, although their frequencies were not high, and they are generally known as common fungi in indoor environments [14] . Therefore, L. ramosa, M. circinelloides, M. racemosus, and S. brevicaulis on Meju might originate from outside (or inside) air of Meju fermentation room.
In this study, all main species on Meju except L. ramosa were detected both inside and outside of fermentation room. However, L. ramosa is usually known as an indoor fungus [14] . After all, Meju could be provided with almost fungi from air in and out Meju fermentation room, which is used for Meju fermentation for more than one time.
Rice straw comes into direct contact with soybeans in Meju, and so the fungi on rice straw can move to Meju and grow on it. Therefore, this has a great influence on Meju mycobiota. Rice straw could provide Meju with useful fungi for fermentation but also could provide unwanted fungi such as Fusarium asiaticum. Traditional Meju fermentation is composed of drying at a low temperature (low temperature fermentation process) and fermenting at a high temperature and humidity (high temperature fermentation process) [4] . F. asiaticum usually originates from rice straw and grows on it during fermentation at low temperatures. Therefore, in order to avoid contamination of F. asiaticum, a method could be developed to use rice straw only during high temperature fermentation. Without rice straw, Meju might be provided with main fungi from both inside and outside of Meju fermentation room during the low temperature fermentation process, if the fermentation room is used for Meju fermentation more than once.
